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INTRODUCTION

Although slope profile analysis is an established technique in physical 

geography, it has several potentially important applications in geologic 

studies which are only beginning to be recognized. As used in geographic 

studies, a slope profile is a line surveyed across the ground surface for 

which the angles of short lengths are measured (fig. 1). Slope profile analysis 

is the division of the profile into a number of parts, each of which possesses 

certain properties of form; the terminology used in discussing the properties 

of form in this study is similar to that used by Young (1975, p. 149):

Slope unit--a segment or an element.

Segment a portion of a slope profile on which the angle remains 

approximately constant.

Element a portion of a slope profile on which the curvature remains 

approximately constant.

Curvature the rate of change of slope angle with distance downslope, 

expressed in degrees per 100 meters.

Convexity--positive curvature; downslope increase in angle.

Concavity--negative curvature; downslope decrease in angle.

A limitation in slope profile analysis is the subjective nature of deciding 

whether a convexity or concavity should be considered a smoothly curved element 

or a series of rectilinear segments. Strahler (1950), the first to study this 

problem, used statistical techniques to analyze the frequency distribution of the 

various possible units of the slope profile. More recently, Young (1971) 

suggested use of the coefficients of variation of slope angle (V,) and slope
a

curvature (V ) to objectively determine slope breaks; table 1 lists the formulae
{+

necessary for computing these standard statistical coefficients.
Variability of slope angle does not have uniform significance. The effect 

of a change in slope angle upon geologic processes is invariably more critical 
for small slope angles than for large slope angles. Therefore, the coefficient 
of variation, which measures percentage variation, rather than the standard 
deviation, which measures relative variation, is employed to determine critical 
slope breaks. This is the same reasoning employed by many engineers, who use 

percentage grade rather than slope angle in many hydraulic equations.



Figure 1.--Generalized slope profile showing symbols 
used in table 1.



Table 1.--Formulae Used 1

Parameter Formula

Curvature C-j = 200 x j^r-

e -,-e 
Curvature Cp = 200 x »""'.»"

n- n

Curvature2 C. = 200 x

Mean angle e =

Mean curvature

Coefficient of variation of V 
slope angle 3 a

Coefficient of variation of 
slope curvature 14

i M+l

z£e

1 From Young (1975).

2 Used for lengths 1., i = 2...n-1.
3 if e<2, it is replaced by 2 in the denominator
4 if C<2, it is replaced by 2 in the denominator



COMPUTER PROGRAMS FOR PROFILE ANALYSIS 

Young (1971) designed a computer program that calculates V_ and V for
a C

each possible combination of contiguous measured lengths. The profile is sub­ 

divided into a set of best segments and a set of best elements such that V anda
V do not exceed specified maximum values; where two or more segments or 

elements overlap, the overlapping portion is allocated to the longest unit. 

Finally, the profile is subdivided into a set of best slope units, which are 

determined by calculating both best segments and best elements and choosing 

the units that have the lowest coefficients of variation.

The computer programs SLOPES and FANSEG, modified from the program written 

by Young (1971), allow interactive use on the USGS Hojieywell Multics- operating

- Use of brand names in this report is for descriptive purposes only and 

does not constitute endorsement by the U.S. Geological Survey.

system and permit graphical presentation of the data. The program SLOPES is 

similar to the original program of Young (1971) in that it can be used to 

analyze profiles for any data obtained from field surveys. In addition to 

hillslope studies, this program may be useful in analyzing profiles of fault 

scarps and,thus, be helpful in determining the age of the faulting (Wallace, 

1977). The program FANSEG computes profile analyses from topographic map 

data by calculating a slope angle for measured distances between contour lines. 

The utility of FANSEG is largely limited by the map scale and contour interval, 

and is probably most useful for profile studies of stream gradients, alluvial-fan 

segmentation, and other large-scale landform studies.

COMPUTER PROGRAMS SLOPES AND SLOPE_DATA

A sample data set for SLOPES is listed in table 2; the data file for SLOPES 

is prepared by using the interactive program SLOPE_DATA. Profile data should 

begin at the base of a slope and proceed upslope. The measured lengths should 

be recorded in meters and slope angles, in degrees. Suitable values for the 

maximum coefficients of variation are discussed in Young (1975, p. 150-151). 

Profile analysis of the sample data set by the program SLOPES is shown in table 3 

and figures 2-4. The figures are drawn with no vertical exaggeration.



Table 2.--Sample Data Set for SLOPES

Title:
Maximum V = a
Maximum V =

\*

nmax=

Test data for

TO 
25 

TO

n

1
2
3
4
5

6

7
8

9
TO

slopes

Angle 

(degrees)

3.5
7.0
TO.O
T5.0
T5.5

T6.0

T6.5
TT.O
8.0
5.0

Distance 

(meters)

5
20
20

20
20

20

20
20
20
20



Ta bio 3. - -Somple_0u_tpu t_. f roiriJl.OI'ES
[n number of an individual measured length; di  length "n" (motors); a slope angle of 

length "n" (degrees); c curvature of length "n" (degrees/100 meters); unit number 

of the segment or element to which length "n" is assigned; nui,ip--the number of lengths 

in the unit; angle--the mean angle of the segment (degrees); curv--the mean curvature 

of the element (degrees/100 meters); cvar--the coefficient of variation of the unit 
(percent)]

test data for si cues 
Best Rectilinear s e g f. o n t s 

Maximum Coefficient of Variation= 10.00
n

1
2
3
A
5
6
7
8
.9
10

test da
best

di
5.0

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

t a for
curved

a
3.50
7.00

10.00
15.00
15.50
16.00
16.50
11.00
B.OO
S.OO

slopes
e 1 e rnent s

c
- 2 8 . 0 C
-20.00
-20.00
-13.75
-2.50
-2.50
12.50
21.25
.15.00
15.00

uni t
1
2
3
A
A
A
A
5
6
7

n u tn D
: 1

1
1
A
A
A
A
1
1'  1

a n 9 I e
3.5000
7.0000

10.0000
15.7500
15.7500
15.7533
15.7533
11 .0000
8.30CQ
5.0000

c urv
0.0000
0.0000
0.0000
0.0000
C.OOCO
o.ooco
0.0000
0.0000
o.oooc
0.0000

cva r
0.0000
0.0000
0.0000
3.5A93
3.5A93
3.5A93
3.5A93
0.0000
0.0000
0.0000

Maximum Coefficient of Variation= 25.00
n

1
2
3
A
5
6
7
8
9

10
test da

best

di
5.0

20, 0
20.0
20. 0

- 20. 0
20. 0
20.0
20.0
20.0
20.0

t a for si
slope uni

a
3.50
7. CO

10. CO
15.00
15.50
16.00
16.50
11.00

- s.oo
5.00

ooe s
ts

c
-28.00
-20.00
-20. CO
-13.75
-2.50
-2.50
12.50
21 .25
15.00
15.00

unit
1
1
1
1
2
2
3
A
A
A

n u m o
A
A
A
A
2
2
1
3
3
3

angle
0.3033
0.0000
0.3000
3.3330
0.0030
0.0030
0.0000
0.3030
0.3000
0.0030

curv
-18.6923
-18.6923
-18.6923
-18.6923
-2.5000
-2.5000
12.500C
17.0833
17.0833
17.0833

c va r
20.8795
20.8795
20.8795
20.8795
0.0000
0.0000
0.0000

17.2A65
17. 2A65
17.2A65

maximum coefficient of variation/- segments= 10.00 elements- 25.00

n
1
2
3
A
5
6
7
8
9

10

di
5.0

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

a
3.50
7.00
10.00
15.00
15.50
1 6 . 0 0
16.50
11.00
S.OO
5.00

c
-28.00
-20.00
-20.00
-13.75
-2.50
-2.50
12.50
21 .25
15. CO
15.00

uni t
1
1
1
2
2
2
2
3
3
3

nunio
3
3
3
A
A
A
A
3
3
3

angle
0.0003
0.3*000
0.0000
15.7500
15.7530
15.7500
15.7530
0.0030
3.0030
0.0030

curv
-20. 8889
-20.8889
-20 .8889

0.0000
0.0000
0.0000
c.oono
17.0833
17.0833
17.0833

c va r
1 2.0359
12.0359
12.0359
3.5A93
3.5A93
3.5A93
3.5A93

1 7.2A65
1 7.2A65
17.2A65
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COMPUTER PROGRAMS FANSEG AND FANSEGJ3ATA

A sample data set for FANSEG is listed in table 4; the data file for FANSEG 
is prepared by using the interactive program FANSEG_DATA. Profile data should 
begin at the base of a slope and proceed upslope. Because most topographic maps 
in the United States are still published with contour intervals in English units, 
both the measured lengths and the contour intervals should be recorded in feet. 
However, for consistency with published data, curvature is still calculated by 

the program in units of degrees per 100 meters. Profile analysis of the sample 
data set by FANSEG is shown in table 5 and figures 5-7. The column headings 
are the same as those for output from SLOPES, except that "mpdi" is the length, 

in feet, of a measured distance between two contour lines. The graphical 
output from FANSEG has 10X vertical exaggeration.

EXECUTING THE PROGRAMS ON MULTICS

For USGS Multics users to execute one of the programs, it is necessary to 
first establish a Jink by .typing the appropriate command:

Ik > udd > Lithium > JRDavis > profile_dir > slopes 
or

Ik > udd > Lithium > JRDavis > profile_dir > slope_data 
or

Ik > udd > Lithium > JRDavis > profile__dir > fanseg 
or

Ik > udd > Lithium > JRDavis > profile__dir > fanseg_data

The user can then create a data file by executing either SLOPE_DATA or FANSEGJ3ATA 
by typing the appropriate program name in lower case letters. These programs 
allow the user to enter and edit the profile data required by the main programs 

SLOPES and FANSEG; they then ask the user for a file name; this file name is the 
segment name where the program output will be stored for use as input by the main 
programs.

After creating a data file with either SLOPE_DATA or FANSEG_DATA, it is 
necessary to issue two commands concerning the graphical output prior to running 
either SLOPES or FANSEG. First, since ISSCO Disspla System Graphics commands 

were used in the program, it is necessary to add the Disspla package to the 

user's search rules by typing:
asr > iml > disspla -after working_dir

10



Table 4. Sample Data Set for FANSEG

Title:

Maximum V =d
Maximum V =

\*r

nmax=

Test data for fanseg

10

25

10

n

1
2
3

4

5

6

7

8

9

10

Contour interval

(feet)

10

10

10

20

20

20

20

20

20

20

Map distance

(feet)

650

600

400

300

250

250

300

400

500

600

11



Tablo 0.   Sample.Outoy t_ _f_rom JJM$L<i 
[n--nimiber of an individual wosurod lonqth; mpdi--1enrjth, in feel, of a measured distance

between two contour lines; a--slope anolc of length "n" (degrees); c--curvature of 

length "n" (degrees/100 inters): unit--number of the segment or element to which 

length "n" is assigned; nump--the number of lengths in the unit; angle   the mean 

angle of the segment (degrees); curv--the mean curvature of the element (degrees/100 

meters); cvar--the coefficient of variation of the unit (percent)]

test data for f a n s p q
Best Rectilinear Segments

tf U X i

n
1
2
3
4
5
6
7
8
9

10
test

bes

murr. Coefficient of
mpdi
650.0
600.0
400.0
300. 0
250.0
250.0
300.0
400. 0
50C.O
600. 0

data for
t c u r- v e d

a
0.88
C.95
1.43
3.81
4.57
4.57
3.81
2.86
2,29

 1.91
f one eg
e I e in e n t s

V a r i a
c
-0.
-0.
-1 .
-1 .
-o.
0.
0.
0.

.°-' ' "0 .

t i on = 10 .00
unit nump

04
16
10
65
47
47
90
62
31
23

1 . .
1
2
3
3
3
3
4
5

 5  '

2
2
1
4
4
4
4
1
2
2

0.
0,
1.
4.
4.
4.
4.
2.
2.
2.

3 i q I e
916?
9167
4321
1595
1595
159S
1595
8624
0825
0825

cu r v
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

ocoo
0000
0000
0000
0000
0000
0000
0000
0000
0000

c var
1 .8345
1 .8345
0.0000
9.0961
9.0961
9.0961
9.0961
0.0000
9.1205
9.1205

Maximum Coefficient of Variations 25.03
n

1
2
3
4
5
6
7
8
9

10
test
bes

rn p d i
650.0
600. 0
400. 0
300.0
.250.0

" 250.0
300.0
400. 0
500.0
600.0

data for
t s lope

a
0.
0.
1.
3 .
4 .
4 .
3.
2.

. - 2.
1 .

f ansey
units

c unit nump
88
95
43
81
57
57
81
86
29
91

--0.04
-0.16
-1.10

. -1.65
-0.47
0.47
0.90
0.62
0.31
0.23

1
1
1
2
3
4
4
4
4
4

3
3
3
1
1
5
5
5
5
5

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

angle
0000
0000
0000
0000
0000
0030
0000
00 '30
0000
ODOO

cu rv
-0.
-0.
-o.
-1.
-0.
0.
0.
0.
0.
0.

3411
3411
3411
6493
4748
4542
4542
4542
4542
4542

c var
21 .7289
21 .7289
21 .7289
0. 0000

. 0.0000
11 .6753
11 .6753
11 .6753
11 .6753
11 .6753

maximum coefficient of variation/- segments= 10.00 elements= 25.00

n
1
2
3
4
5
6
7
8
9

10

mpd i
650.0
600. 0
400.0
300.0
250.0
250.0
300.0
400.0
500.0
600. 0

a
0.
0.
1 .
3.
4 .
4.
_  .
2.
2.
1.

88
95
43
81
57
57
81
86
29
91

c
-0
-0
_ -I

-1
-0
0
0
0
0
0

uni
.04
.16
.10
.65
.47
.47
.90
.62
.31
.23

t
1
1
1
2
2
3
3
3
3
3

n u rn p
3
3
3
2
2
5
5
5
5
5

angle
o.pooo
0/0000
0.0330
4.1595
4. 1595
0. 0000
0.0333
0.0303
0.0030
0. 0000

cur v
-0.3411
-0.3411
-0.3411
O.OCOO
0.0000
0.4542
0.4542
0.4542
0.4542
0.4542

21 .
21 .
21 .
9.
9.

11 .
11 .
11 .
11 .
11.

c v ar
7289
7289
7289
0961
0961
6753
6753
6753
6753
6753
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If a display terminal compatible with the USGS Tektronix software package is 
to be used, set the band rate at 1200 and type:

Setup_tektroni x__tcs 
Otherwise, a Calcomp plot can be obtained by typing:

setup_calcomp
The system operator will then respond with a message notifying the user of 
the tape number being used, which is necessary for the "poi" plot request. 
The main programs can then be run by typing "slopes" or "fanseg." The programs 
ask the user for the name of the data file created by either SLOPE_DATA or 
FANSEGJDATA and then ask for the name of an output file; this should be the 
segment name that identifies where the output for the printed tables will be 
stored. The program FANSEG also asks for the elevation of the starting point at 
the base of the slope, which is used to label the vertical scale of the graphical 
output. If only relative distances are needed, zero can be entered for this 
parameter.

The tabular output consists of three parts: best segments, best elements, 
and best slope units (tables 3 and 5). In addition to having this data stored 
in an output segment, the user has the option of having each part displayed at 
the terminal and of creating plotting vectors for each part. If Calcomp olots 
are desired, the user submits a request to have the data plotted by typing: poi. 
This command executes an interactive program which allows the user to submit the 
plot tape for plotting.

SOURCE CODE FOR SLOPES 
The source code for SLOPES is listed below. In addition to the variables

discussed previously as column headings of the output, the following variables
are used:

cvmxa - maximum coefficient of variation of angle 
cvmxc - maximum coefficient of variation of curvature
cvar - coefficient of variation of a length calculated by subroutine values 
nmax - total number of lengths measured
xdis - array for the horizontal component of each measured length 
ydis - array for the vertical component of each measured length 
xfaray - array for the horizontal location of each length 
yfaray - array for the vertical location of each length 
xaray - array for the horizontal location of each slope unit 
yaray - array for the vertical location of each slooe unit

16



c p rog ran s I ope s 
c

dimension n(25C),dist(25G),a(250),nitest(250),ip(250),/max(250), 
Rnseg(250),nump(250),initest(250),curv(250),dd(250),d3(250)*amean( 
&250)/cmean(253),set(250)/acvar(25C),di(25Q),unit(25D)*xrnax(250>, 
Sxaray<250)*yaray<?5Q),xfaray(250>/yfaray(250>/tstaray(250>/ 
&xdi s (250) ,ydi 5(250) 

character n a rn e s e g * 8 3
external bgnplCdescriptors)/calcmp(descriptors)/title(d?scriptors) 
external messagCde scrip to rs)*graph(de scrip tors)/curve(descriotors) 
external marker(descriptors)/physor(desc rip tors) /endgr(descriptors) 
external endpl(descriptors)^donepl(descripiors)/>tk120(descriptors) 
character nameout*BO 
cha racter ti t 1*80 

c
c input 
c

openCO^p rompt = .t rue . ) 
2 continue

write(0/-4) 
A for n a t ( " What is the n a tf e of the data file?")

read(Q^6) names eg 
6 f o r m a t ( a 8 0 )

opend^fi le = nan?ieseg^form= 'formatted'^mode-' in') 
re add ,6 80) ti t I 
readd/690) cvmxa 
read(1^7CO)cv/mxc 

10 r e a d ( U 7 1 0 /> e n d ~ 6 7 0 ) nm a x
i f (nmax) 20 , 67 0,20

20 read(1/720)(n(i)/a(i),di(i),i=1,nmax) 
c lo?,e(1 ) 
w r i t e ( 0 , 2 3 ) 

23 formatC' What natie for the output file?")
read(Q/24)nameojt 

2A forma t ( a 80)

c
c compute plotting coordinates 
c

do 30 i = 1/>nrnax
ydis(i) = (sin(a(i)/59«,2958))*di(i)
xdis(i)-(cos(a(i)/59.29b8))*cii(i) 

30 continue
y m a x ( 1 ) = y d i s ( 1 )
x m a x ( 1 ) = x d i s ( 1 )
do 25 i = 2*nrpax
ymax(i)=ydi s(i )  «  y m a x ( i-1 )
xmax(i)=: xdis(i)i-x7)3x(i-1 )

17



25 continue
xf i rst = 0 .0 
yfi rst = 0.0

x f a ray(1 ) = xfirst 
yfarayCI)~yfirst 
do AC i = 2/nrrax + 1
x f a ray(i)=xfardy(i-1)+xcis(i-1) 
yfaray(i )~yfaroy(i-1)-*-yc< i s(i-1) 

A G continue 
c
c compute curv(i) 
c

curv(1) = 200*((a(1)-a(2))/(di(1)+di(2»)
curv(nmax)=200*((a(nmax-1 )-a(nmax))/(di (nmax-1 )+di(nu3x))) 
i count = nmax-1 
do50 i=2,icount
curvCi ) = 200*C(a( i -1 >-a( i + 1 ) ) /  ( d i ( i-1 ) +2*di ( i ) + di( i-H )) ) 

50 continue 
60 nrnri=1

' go to 90 
7C nr.nd=2

go t n 9 0 
80 nrnd~3 
90 continue 

c
c set variables to zero 
c

i ndsc^l
dolOO i^Unmax 
nitestCi )= 0 - 
amean(i)=0.0 
c mean(i)=0.0 
di st(i)=0.0 
acvar(i)-1003. 

100 conti nue 
c
c obtain all combinations in turn 
c

110 do370 j=1,nmax
i f(nitest(j))373,120/370 

120 nctk=1

do320 k=1 t jcount
i f(nrnd-2)150/170 , 1 A 0 

1 A 0 if(nclk-1)170/150/170 
150 Jo160 i =1 ,nmax

s e t (i ) = a ( i )
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go to 130 
36C continue 
370 continue 

c
c test to see if segments cut short 
c

d o 4 b 0 j ~ 1 f n m a x
i f (3-D 380..37C/-330

330 if(nseg(j)~nseg(j-1>)290*480,390 
390 continue

 if(Mitest(j)-1)40D*450*400
400 if(nseg(j)-ns9g(j+nurnp(j)-1)>410* 4 60*410 
410 nn=1
420 if(nsetj(j)-ns9g(j+nump(j)-1-nn))43G*440*430 
430 n n = n n v1

go to 420 
44U kk=nump(j)-nn

m c o u n t ~ j + k k -1
d o 4 5 0 \~}t count
n i t e s t (i ) ~ 0
amean(i)~0.0
c m e a n (i ) ~ 0 . 0
d i s t (i ) - 0. 0
acvar(i)-10GG 

4 5 C continue
go to 450 

460 n c o u r) t :r j * n u m p ( j ) - 1
d o 4 ? 0 i~j#ncount
n i t ^ s t (i ) r"-1 

470 continue 
480 c ont i nue 

c
c test if all points allocated 
c

n t s u m = 0
do490 i~Dnmax
ntsuni^ntsum-fnitestCi ) 

49C continue
i f (r, t s u m - n m a x ) 1 1 0 , 5 0 0 f 5 0 0 

c
c renumber units 
c

500 nadd=1
do 5 30 j = 2/-nmax
if(nspg(j>-nse^(j-1>)520,510,520 

51 I ns?g(j-1)=nadd
c?o to 530 

520 nseq(i-1)=nadd

20



nadd = nadd-f1 
530 continue

n s eg ( nni a x ) = nadd 
c
c print results 
c

w r i t e (? 0 / 6 8 0) r i t I
i f (nrriu-2) 540/553/56T; 

540 write(2G/730>
u r i 1 1 ( 2 0 f 7 5 0 ) c v T. x a
yo to 570 

550 w r i t e(2 0,7 4 0)
write(20/750)cvnxc

yo to 570 
560 write(20/760)

wr i te (20/770) c v T. x a / cvrnxc 
570 continue

w r i t o ( 2 0 / 7 8 0)
do 5 SO i = 1 / nm-; x
write(20/790/n('S)/di(i)/a(i)/curv(i)/nseg(i)/nump(i)/3 inean(i)^
£  c m e a n ( i ) / a c v a r ( i ) 

5 & C continue
i f (r. rod-2)611,612/613 

611 write(0/615) 
615 formate"Do you /n sh to see the best segments? 0 = no^ 1=yes")

r e-a o (0 / 6 2 0) i t e s t 2
i f (i tcst2)70/70r 593 

612 wrile(C/616) 
616 for mat("Do you wish to see the best elements? 0 = no/ 1=yes")

read C0/620)itest3
i f (i test3)80/83,593 

613 write(0/617) 
617 format("Do you wish to see the best slope units? O^no/ 1= y e s")

r e a d (0 / 6 2 0 ) i t e s t 4
i f(itest4)67Q/o70/590

590 continue 
c
c print best segments on t t y 
c

w r i t e ( 0 f 6 R 0 ) t i t I
i f (nrnd-2)591 /592/S93

591 wri teCO/730)
write(0/750)cviixa 
g o t o 5 9 4

592 w r i t e(0/74 0)
wri te(J/750)cvnxc
ye to 59A 

59? writ,>( 0 / T 6 n )
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write(0*770)cv/mxa*cvmxc 
594 continue

wri te(0,78C) 
do 600 i - 1 f nr,i3 x
urite(Or79n)n(i)/>di(i)/a(i)/curv(i)/>nseg(i)*nump(i)/aTiean(i)/ 
b c n: e a n (i ) / a c v 3 r ( i ) 

600 c on t i nue 
c.
c plotting routine 
c

write((j/610) 
61C fon.iatC'Do you ^ant a Oisspla plot? 0-no/> 1=yes")

read(0*620)itest 
620 format(v)

if (itest) 670,670,630 
630 n x p 11 = ns e g(n m a x )

x a r a y (1 ) ~ x f 3 r a y ( 1 ) 
y a r a y ( 1 ) = y t a r a y ( 1 ) 
i i c o u n f " 2 
do 650 i - 1 * nrr.a x 
tstaray(i) r ns23vi)-nseg(i"M) 
if (tstaray(i)) 645*650/6^6 

6^ cj x a r a y < i i c o <; r > t ) ~ x f ;j r a y ( i 4 1 ) 
ydray(iicount) = /faray(i-»1) 
i i c o u n t - i i c 0 u n t  *  1

6^6 x a r a y ( n x p 11  -t 1 ) = x f a r a y ( n m a x * 1 ) 
yaray(nxplt-H )~/fara/(nmax-M ) 

6 '5 G continue
xrnd-xfinal/25. 
xlast = ((aint(xrnd))+1 )* ? 5 . 
xinc=xlast/lO. 
yfin.3l~xlast*.3 
yinc-yfinal/3, 

c
c d i s s o I a commands 
c

call b y n pI(-1) 
w r i t e ( U / 6 5 1 )

651 format("What kind of plot? Tektronix=0* Calcomp=1") 
r e a d ( 0 / 6 2 0 ) i t e s t 7 
T f(itest7)653,o53,658 

653 continue
coll t k1 2 0 
qo to 639 

651 continue
call c a I c m p (1 6 ) 

659 continue
call physor(1./1.)

22



call titleC 1 l /-1/'meters l /6/ l meters l /6/10./3.)
if(nrnd-2)655/660/665 

655 call messay('best segments$'/100/3./2.)
go to 676 

660 call messaqC'best el ernentsS',100/3./2.)
go to 676

665 call. messagC'oest slope u n i t s $ s / 1 0 0 / 3. . / 2  ) 
676 c o n t i n ue

call cj r a p h ( 0. / x i n c / G . / y i n c )
call m a r k e r(b)
cal I curve(xaray*yaray/nxplt+1/1)
call endgr(1)
call physor(1./5.)
call titleC l /-1/ l meters l /6/ l ri i eters'/6/10./3.)
call m e s s a r j ('slope profile$'/100/3./2.) 

call graph(0./xinc/3./yinc)
call marker(O
cal I curve(xfaray/yfaray/nmax + 1/1)
call endg r ( 2)
call e n d p I (-n r n d) 

670 continue
if (nrnd-2)7Q,83,675 

675 continue 
680 fo mat (a 80) 
690 fcrmat(v) 
700 format(v) 
7 1 0 1 o r n a t ( v ) 
7?0 fcrmat(v)
73G formatC*Best Rectilinear Segments") 
740 format(1h ^?1h best curved elements//) 
750 formate" MaxinuTi Coefficient of Variation="/f7«2) 
76 C f o r ma t (1 h. / 1 7 h Dest slope unit?//) 
770 format(1h /A4h maximum coefficient of variation/ segn?nts=f7.2/

&1 5h elements=f7.2/X > 
780 formatC 1 n di a c unit nump angle

K curv cvar") 
790 format <1h /i3/x/fS.1/x/f8.2/x/f8.2/x/iA/x/i3/3x/f9.'-,/3

Rx/f9.A/Ax/f9.A)

c losed )
write(0/800)
close (20) 

80C format("Do you want to run the program again? 0=no/ 1=yes")
read(0/810)itest1 

810 format(v)
if(itest1)820/823/2 

820 continue
call don ep I
end



subroutine values (nitest/f/x/m/intsm/sumd/vrnean*cvar)
dimension nit.est(m)/f(rn)/x(m)
i n t s m = 0
s u rr. 1 = 0 . 0
sura2=0.0
sum3-0.0
d o 1 0 i = 1 / m
i n t s rn ~ i n i s m + r n t p s t ( i )
s u rn 1 ~- s u rr; 1 -s- f ( i )
sum2 = sum2*f(i)«x(i )
sum3=sum3*f(i)*x(i)**2 

1C continue
surcd-suml
vmean=: sum2/su."n1
i f(m-1)20,60/20

20 if<sum3/surp1-(sum2/sum1)**2) 60* 30*30 
30 if(abs(sum2/sum1)-2)50/40/AO 
AC cvar = abs(100,*((sqrt-(suTi3/sufr.1-(sum2/sum1)**2))/(sum2/su.'n1)))

go to 70 
50 cvar=abs(100*((sqrt(sum3/sum1-(sum2/sum1)**2))/2)>

90 to 7C 
60 cvar=0.0 
70 return

end
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SOURCE CODE FOR SLOPE.DATA

The source code for SLOPfc:_DATA is Listed below. Variaol? nanes are the 

sane as for the program SLOPES.

(. This program writes data files for ***SLOPtS*** 
c

dimension n (-2 5 0 ) f a ( 2 5 0 ) f d i ( 2 5 0 ) 
character t i tI * 8 fJ 
character n a r, e s e g * 8 0 
open(0/promot -.true.) 

1C continue
write(0/20) 

20 for mat( "Do you want to enter or edit data? 0=enter/ 1 = e d i t ")
.read(0,30)itest1 

30 * o r m a t (v)
if (i testl )'i 0/O/1 80 

A 0 continue
w r i t e ( 0 / 6 0 )

60 format ("i nput title") 
r e a d ( 0 , 1 2 0 ) t. i t I 
w r i t e C (J F 6 lj ) 

65 for mat( "Data should oe>jin at the bese of the slop?")
w r i t e f. 0 / 7 0)

70 for mat ("input cvnxa~~maxinium coefficient of variation   angle") 
r v a d ( 0 f 1 3 0) c v r. x a 
w r i t e ( 0 /  8 0 )

80 formatC "input cvnxc--max. coef. of variation--curvature") 
read(0/VtO)c\/T«xc 
write (0^90)

90 f orrna t ( " i nput nmax--total number of measurements") 
read(0/150)n.Ti3x 
write(0/100)

100 f ort.ia t ( " i nput r\ f angle/ measured distance") 
d o. 110 i = 1^nmax 
readCO/160)n(-; ) /a (i ) /d i ( i ) 

110 continue 
120 format(aSO) 
1 3C format (v) 
160 format(v) 
130 f o r ma t (v) 
161 f o r m a t ( v ) 
170 qo to 205 
1£0 c ont i nue 

c 
c edit m o c i e
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read(0,360)i t 9st5 
36C format(v)

i f (itest5)343,43Q,373 
370 continue

write(0,3 8 3) c v rn x c 
380 forrnatC'inout new cvnxc, old=",f?.2)

r p a u (Q/390)cvTixc 
3 9 0 f c r in a t ( v ) 
400 continue

w r i t e ( 0 , 4 1 0 )  
.410 fonnatC "do you wish to change nntax? O^no, 1=yes")

r e a d ( 0 , 4 2 0) i t e s t 6 
420 fornal(v)

if (itest6)433,460,433 
43 Ci continue

wri te(0,4 40) mia x 
440 format( "in put new nrnax, old=",f6.1)

r e a d C 0 f 4 5 0) mi 3 x 
4 SO format(v) 
460 continue

wri te(0,470) 
47 G for mat ("do you wish to change a line of data? 0-no, 1=yes")

read(0/4 SO)itest? 
480 format(v)

i f(i test?)463,540,493 
4 9 0 c o n t i n u e

write(0,500) 
500 f ortrsa t (" wh i c h line do you want to change, n = ?">

read(0,510)i i test 
510 form at (v)

write(0,52C)n(i i t e s t),a(ii test),di(ii test) 
52C for mat ("input n,a,d i , old values were",i2,2f8.3)

read(0,530)n(iitest),a(iitest),di(iitest) 
530 f o r m 3 t (v)

ao to 460 
540 cont i nue

u r .i t e ( 0 , 5 5 0) 
550 formatC*what file natte do you wish for this data?")

r e j d ( 0 , 3 2 2) n a v. e s ? g 
3 ? 2 f o r rr a t ( a S 0) 
323 continue 

c
c output to segment = n a n e s e g 
c

open(?0,fil? = Tci7iesecj, form='for matted', mode =l out')
write(20,12U)titl
wri t e(2 0,133)c v m x a
w r i t e ( 2 0 , 1 4 0 ) c v m x c
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write(20/153)Tn3x
do 570 i-1/nriax
w n t e < 2 0 ,* 1 6 0 ) ^ ( i > , a ( i ) , d i ( i ) 

570 c ont i nue
c lose<20>
u rive (0,583) 

580 for P. at ("do y o j wish to call another file? 0 = n o / 1 = y e s ")
rccd(0/590)itesl20 

5 9 C f o r r,i a t ( v )
if (itest20)570,600/10 

600 c onti nue
e nd
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SOJRCE CODE FOR FANS EG '

The source code for FA MS EG is listed below. In addition to the variable 

names previously discussed* the following variables are used: 

o i -array for the length of the measured distances converted to meters, 

theta -array for the tangent of the slope angle of a measured length. 

ctour -array for the contour interval* in feet/ along a measured length.

c program fanseg 
c

dimension n(250)*di st(250) *a(250)*ni test(250 )*ctour(253)*di (250)* 
&nseg(25Q)*nump(250)*initest(250)*curv(250)*cd(25Q)*d3(253)*amean( 
&250),c^ean(253)*set(25G)*acvar(?50)*mpdi(250)*theta(25D)*jnit(2SO)* 
S,x3ray(25Q).«xaray(250)*xfaray(25Q)*yfaray(250)*tstar3/(250)* 
<y x a i s (2 5 0) * y d i s ( 2 5 3 ) 

real t h e ta 
real m p d i
external bgnplCdescri p t o r s ) , c a I c in p ( d e s c r i p t o r s ) * t i t le'dsscriotors) 
external rnessagCde scrip tors)* graph(descriptors)*curve(d»scriotors) 
external marker(descriptors)*physor(descriptors)*endgr(:lescriptors) 
external endplCdescriptors)*donepl(descriptors)*tk120(descriotors) 
character n a ?n e s c» y * 3 0 
character n a in e o u t * 8 0 
character t i t I * S D 

c
c input 
c

open(0*prcmpt = . t rue . ) 
10 continue

w r i t e (0 * 2 0 ) 
20 formatC "I--1 hat is the name of the data file?")

r e a d (0 * 3 0 ) n a .TI e s e g 
30 f o r PI a t ( a 8 0 )

o p e n (1 * f i le-nanese^*form=: 'formatted l *fnode= l in 1 ) 
r e A d C1 / 7 1 0 ) t i t I 
read(1*790)cvTix3 
read(1*8 C 0)c v m x c 

AU read(l*810/end=^70)nnax
i f (nmax) 50*773,53

50 read(1*B20)(n(i)*ctour(i)*mpcji(i)*i = 1*nmax) 
cIose(1) 
write(0*60) 

60 format("bhat nane for the output file?")
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read(0*70)narneojt 
70 format (a 80)

o p e n ( 2 0 /  fi I e ~ n B n e o u t , f o r rn = ' formatted 1 /mode- ' out 1 ) 
c
c compute slope anyle 
c

d o 1 0 \i i ~ 1 / n rn a x 
i f ( c t o u r ( i ) ) 8 D / v 0 / 8 0 

80 t h e t a ( i ) = c t o u r C i ) / in a d i ( i )
a ( i ) " ( a t a n ( t h s t a ( i ) ) ) * 5 / , 2 9 5 8 

go to 100 
90 a( i )-0.0 

100 continue 
c
c compute plotting coordinates 
c

w r i t e ( 0 , 1 1 0 ) 
110 for mat (''Enter elevation of beginning point")

r e a d ( 0 f 1 2 0 ) y f i r s t 
120 f o r m a t ( v )

do 130 i =1 f niva x 
1 ?(. c on t i nue

xfirst=0»0 
x f a r .3 y ( 1 ) - x f i r s t 
yfaray(1)=yfirst 
do K 0 i - 2 ^ n r:; a x f 1
xfar?y(i ) = xfaray(i-1 )+mpdi (i-1 ) 
y f a r a y ( i )=yfaray(i-1 )+ctour(i-1 ) 

140 continue
x f i n u I = x f a r a y ( n TI a x -f- 1 )

r \f

c convert map distance to meters 
c

do 145 i = 1 e n v a x

145 continue 
c
c compute c u r v ( i ) 
c

curvC 1>=? 00 *((a(1)-a(2))/(di(1)+di<2)>> 
curv(nmax)=: 2nO*( (a(nmax-1 )-a(nniax) ) /(di 
i count = nrnax-1 
d o 1 5 0 i = 2/icount
curv(i) = 200*((a(i-1)-a(i-H))/(cii(i-1)+2*di (i ) + d i ( i + 1 ))) 

150 continue 
1 60 nr na'=1

y o t o 1 9 U 
1 70 nrnd~?

30
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520 i f (nsogCj )-nse:j(j -fnu-npCj ) -1 -nn) ) 530,540,530 
530 nn=nn+1

go to 520
540 k k = n urn p(j)-n n 

mcount^j+kk-1 
d o 5 5 Q i = j e m c o u ri f: 
n i t c s t ( i ) " 0 
a me on(i)"0 . 0 
c rri e 3 n ( i ) -  0 . 0 
d i s t (i ) - 0 . 0 
acvarC i)=1000 

550 continue
go to 580

560 ncount-j-»nump(j)-1 
do 5 70 i=j,ncount 
n i t es t ( i ) = 1 

57C continue
580 continue ' ' ' 

c
c test to see if all points are allocated 
c

n t s u m - : C
do 590 i-i/nmax 
n t s u rr ~ M t s u m  * n i t E s t ( i ) 

590 continue
i f ( n t s u m - r: m a x ) 2 1 3 , 6 Q G , 6 0 Q 

c
c r e n u rn t.; e r units 
c

600 nadd=1
o o 6 3 0 j-2/nmax
if(nseg(j)~nseq(j-1))620^610/620 

610 n s e g(j-1)=na d d
go to 630 

620 nseg(j-1)-nadd
nadd-nadd+1 

6 3 G continue?
nsey(nrnax)-nadu 

c
c print results 
c

w r i t e ( ? 0 / 7 8 0 ) t i t I 
i f ( n r n d - 7. ) 6 4 0 , o 5 0 , 6 6 3 

640 write(20/830)
w r i te(20/85P)cvTixa 
go to 670 

650 write(20/840)
write(2Q/850)c\/mxc
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go to 670 
660 write(20/860)

wri te(2f)/870)cv-nx a/cvnxc 
670 continue1

write<20/880)
d o 6 3 ri i = 1 f n m 3 x
write(20/89P)n(i)/T^di(i)/a(i)/curv(i)/nseg(i)/nump(i)/aniean(i)/
Seme a n(i)/acvar(i) 

680 continue
i f (nrnd-2)V11^712/713 

711 continue
wri te<0/715) 

715 formatC'Do you wish to see the best segments? 0 = no/ 1=yes")
read(G/720)itest2
i f Citcst2)170,173/690 

712 continue
write(0/716) 

716 for mat( "Do y$u wish'to see-th-e best elenients? 0 = no/ 1=yes")
read(0/720)itest3 

i f ( itest3)180/153/690 
713 continue

write(0/717) 
717 formatf" l> o you dish to see the best slope units? 0 = no/ 1=yes">

read(0/720)itest4
if (itestA) 770/770/690

690 continue 
c
c print best segrnentsontty 
c

write(0/780)titl
if (nrnd-2>-691,692/693

691 writeC0/330)
write(0/850)cvrtixa 
go to 69A

692 wrile(0/8AO)
write(0/850)cvnxc 
90 to o 9 t,

693 w r i t e(0/8 6 0)
wri te(0/870)cvmxa/cvxmc 

6 9 A c o n t i n u e
w r i t e O / 8 B 0 ) 
do 700 i=1/nmax
write(0/890)n(i ) / it p d i (i )^a(i )/curv(i) /nsegC i )/nump(i)^amean(i )/ 
Kcn'ean(i)/acvar(i) 

70U continue 
c
c compute plotting scales 
c
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write(Q,710) 
71C forrnatC "(Jo you ^ant a disspla plot? 0=no/ 1=yes")

read(0/7?0)itest 
720 format(v)

if (itest) 770/770/730 
730 n x p I 1 = n s e g ( n m a x )

x a r a y ( 1 ) " x f a r a y ( 1 )
yaroyd )~yfaray(l )
i r n d = a i n I ( ( y i a r a y ( n m a x + 1 ) ~ y f i r s t ) / 3 0 , )
y I a s t = ( i rnd-M ) * 3 0 .
y s tep = y I as t /3.
xstep=ystep*13.

do 750 i=1/nm3x 
tstarayC i )=rtsey( i ) - n s e g ( i + 1 ) 
if (tstoray(i)) 745/750/7 A 6 

745 xarayCiicounO^xfarayCi+l) 
yarayCi i count) -y fa ray(i + 1 ) 
i i count -iicouit +  1

746 xar3y(nxplt+1)-xfaray(nmax+1) 
yaray(nxplt+1 )=yfaray(nmax+1 )

750 continue

; call plotting routine

call bgnpl (-1 ) 
writc(0/751)

751 f orrr.ot ("tektroni x = O/ Cdlcomp =1") 
read(0/720) itest/ 
if(itest7)753/753/758

753 writeC 0/754)
754 formatC "set baud rate at 1?00 cps") 

call tk120 
go to 759

758 call Ccslcmp(16)
759 cont.inue

.coll physor(1./1.)
call title(' ' /-1 /' feet ' /4/ ' feet 1 /4/ 10. /3 C )
i f (nrnd~2)755,7s;)/765 

755 c ont i nue
call rncssaqC'best segments/ ve = 10xJ'/100/1.5/2.5)
90 to 776 

760 continue
call ni-?ssaq('o?st element s/ ve = 10x$'/100/1.5/2.5)
q o to 7/6 

765 continue
call messagC'oest units/ ve=10x$'^100^1.5/2.5) 

7 7 C continue
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Sum1=sum1+f(i)
sum?=sum?+f (i ) * x (i )
sum3 = sum3 + f(i)*x(i)* * 2 

1C continue
sumd=sum1
vmean-sum?/s u n 1
i f(m~1)20r60/?0

20 if(s urn 3/suT,1-(smi2/sun1)**?} 60*30,30 
3C if (abs(suiT,2/sjT,1 ) -2) 50, A 0,40 
A 0 cvar~abs(100*((sqrt(sum3/sum1-(sum2/sum1)**2))/(sum?/sum1)))

go to 70 
50 cvar=abs(100*<(sqrt(sun3/sum1-(sum2/sum1)**2)>/2>)

go to 70 
60 cvar-0.0 
7G return

end
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SOURCE CODE FOR FANSEG.DATA

The source code for FANSEG_DATA is Listed below. Variable names are the same 

as those for F A N S E G .

c This program writes data 'files for ***FANSEG*** 
c

dimension n(250)/-ctojr(25Q),mapdi s ( 2 5 0 ) 
character titl*SO 
character nameseg*SO 
open(0/prompt =.true.) 

1C continue
write(0/20) 

20 formatC'Do yoj want to enter or edit data? 0=enter/ 1=edit")
read(0,30)i test 1 

30 format (v).     .
if (i test"! )1 0,40,1 80 

A 0 continue
write(0,6Q)

60 format("input title") 
read(0/120)ti tI 
write(0/65) 

65 formatC"Data should beqin at the base of the slop?")
write(0/7Q)

70 f orma t ( " i r.pu t c vn x a --rri a x i mum coefficient of var i at i D n-~a n g I e") 
re-ad(C/1?0)cviixa 
w r i t e ( C , ?. 0)

80 formatC "input cvnxc--.7i3x. coef. of variation--curvature") 
readCOr 1 40) c VTSXC 
write (0/90)

90 format("input nnax--tota I number of measurements") 
rcad(0r150)nm3x 
write(0/1 CO)

100 for mat ("input r\, contour interval/ measured distance") 
dc 110 i=Vrni3x
redd(0/160)n(i)/ctour(i)^mapdis(i) 

110 continue 
120 format(aSO) 
130 format(v) 
140 format(v) 
150 format(v) 
1 60 format(v) 
17 C! goto 205 
180 conti nue 

c 
c edit mode
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c
write(0r190) 

190 format ("Type file na-ne")
read(0/20Q)naueseg 

200 formdt(a80)
open(7/file=nameseg/form-'formatted l /mode='in l )
r e a cj ( 7 / 1 2 0) t i t I
r e a d ( 7 / 1 3 0) c v TI x a
read(7/1A())cv*nxc
read(7/l 5 0 ) n TJ a x
read(7/160)(n ( i) / c t o u r ( i) / m a p d i s (i)/i=1/nmax)
close(7) 

205 continue
w r i t e ( 0 / 2 1 0) 

210 formatC"do you wish to review the data? 0=no* 1=/es")
read(G,220)itest2 

220 format(v)
if (itest2)205/2AO/233 

23C continue
w r i t e ( 0 / 1 2 0) t i t I
write(0/1:SO)cvmx3
write(0^1AO)c\/Tixc
wri te ( O/ 1 50) mi a x
do 2AO i = 1 /nma x
write(0/160)n(i)/-ctour(i)/mapdis(i) 

2 A C continue
write(0^2A1) 

2A1 format("Do ycj wish to chanye the title? 0=no/ 1=yes")
read(0/300)itest3
if (i test3)2O,280/250 

250 wnte(0/260) 
260 format ("input new title")

reari(0/270)ti tI 
270 format(aSO) 
2 8 C continue

write(0^290) 
290 formatC'do /oj wish to change cvmxa? 0=no/ 1=yes")

reacKO/300) i testA 
300 format(v)

i f (itestA)280/3AO/310 
310 continue

write(0/320)c\/mxa 
3?0 format ("input ne^ cvnxa/ old ::>> /f7.2)

read(0/330)cvnxa 
330 forrr,at(v) 
3AO continue

w r i t e ( 0 / 3 5 0) 
350 for mat ("do you want to change cvir, xc? 0=no/1=yes")
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read(0/360) i t?st5 
360 format(v)

if(itest5)340/4GO/373 
370 cont i nue

write(0/380)cvnxc 
380 forroat("input new cvmxc/ old="/f7.2>

read(0/390)cvTixc 
390 format(v) 
4 0 C c o n t i n u e

wri te(0/410) 
410 format("do you wish to change nmax? 0=no/ 1=yes")

read(0/420)itest6 
420 format(v)

if(itest6)40Q/463/433 
430 "continue

wr i t e ( O/ 4 40 ) n-na x 
440 for mat ("in put new t miax/ old="/f6.1)

r e a d ( 0 t 4 5 0)' n TI a x 
450 format(v) 
460 continue

wri te(0,470) 
470 for mat("do you wish to change a line of data? 0 = no/ 1=yes")

read(0/480)itest7 
480 format(v)

if (itest7)463,540,493 
490 continue

wri te(0/500) 
500 formatC* which line do you want to change/ n = ?")

read(0/510)i i test 
510 forrnat(v)

write(0/520)n(iitest)/ctour(i itest) /mapcJis(iitest) 
520 format("input n/ctour/mapdis/ old values were"/i2/2f8.3)

re£id(0/530)n(iitest)/-ctour(iitest)/mapdis(iitest) 
530 format(v)

go to 460 
540 continue

wri te(0/550) 
550 format ("what file na.ne do you wish for this data?")

read(0/32?)na-neseg
322 format(aSO)
323 con t i nue 

c
c output to segment = naiaoseg 
c

open(20/file=naneseg/ form='formatted 1 / mode='out l )
wri te(20/120)t i t I
write(20/133)cvmxa
write(20/143)cvmxc
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wr i te(20/150)nma x
do 570 i = 1/nm a x
write (2Q/163)n(i ) /ctour (i )/mapdis(i ) 

57C continue
close(20)
write (0/583) 

580 format ("do yo.j wish to call another file? 0 = no/ 1=yes")
read(0/b90)itest20 

590 for mat (v)
if (i test 23)57D/600/10 

600 c ont i nue
end
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